ABSTRACT
INTRODUCTION
The issue of housing is critical to basic human needs. The needs for shelter and personal independence have a close connection to housing. Thus, the impact of house prices will have a great influence on these basic needs. House prices are affected by various macroeconomic variables. Sirmans et al (2005) organised these characteristics into eight categories: construction and structure variables, internal house features, external house features, natural and environmental characteristics, environmental neighbourhood and location factors, public service amenities, marketing, occupancy and selling factors and financing issues. Berry and Dalton (2004) classified house prices into different categories, including short term factors (e.g. interest rate, investment demand and current economic climate); institutional factors (e.g. financial deregulation and innovation, and government taxes, levies and charges); and long term factors (e.g. demography, economic growth and, wealth levels and distribution). Tu (2000) focused on affordability, housing finance, inflationary, housing supply and demographic variables. Harter-Dreiman (2004) identified that income shocks impacted on house prices at a slow pace.
Meanwhile, housing almost always involves mortgage borrowing because of the high purchase price. This suggests that housing supply could be affected by mortgage rates (Painter and Radfearn, 2002) . Abelson et al. (2005) also found that the unemployment rate and the mortgage rate had a negative impact on house price, and disposable income is a spur to house purchasing. Case and Shiller (1990) found a lagged effect on house price was affected not only by changes in house prices itself, but also by changes in adult population and real income. Case et al. (2003) found the relationship between house prices and incomes was remarkably instable. House buyers' behaviour is influenced by recent market information. Thus, house prices are raised by individual's expectations rather than income.
On the other hand, changes in house prices also affect some macroeconomic variables. Meen (2003) reported that house prices had a straightforward influence on the sub-section of labour market: wage pressure, unemployment and migration patterns. House prices have a potential effect on migration patterns and unemployment rates. Baffoe-Bonnie (1998) pointed out that the housing market could be "shocked sensitively" by the change of employment and mortgage rates at both national and regional level. Reichert (1990) found that regional house prices reacted to some national economic factors, such as the mortgage rate. Johnes and Hyclak (1999) described how house prices have a great effect on labour force size. Hamalainen and Bockerman (2004) suggested that rising house prices would lessen the increase of inward migration in a region. Portnov et al. (2001) found that inward migration still reduced in an area with growing employment but a sharp increase in house prices.
The relationships between house price and variables have been determined in prior research but the research addressing instability of these relationships is limited (Case et al., 2003) . The instability of these relationships might be expected to have great influence on the decisions of policy makers and market participants. The aim of this study was to quantify the causal relationships between house prices and population, income, unemployment rate and mortgage rate in the period from the September quarter 1989 to the June quarter 2005 and try to determine whether these relationships are stable or unstable in the three observation periods. The influence of these characteristics on house price is not equal and change over time and location. It is very difficult to take account of all variables into one house price model. The selection of these variables depends on the research objective and data availability. The Granger causality test, the main technique in this study, was utilised to investigate the causal relationships.
The following section introduces several major property market data resources and outlines the data used in this research. Section 3 describes the use of the unit root test and vector autoregression model to test the stationarity and the optimal lag length order of the data series. In Section 4, the use of the cointegration test to test the long run equilibrium is described. Section 5 sets out the analysis, using the conventional pairwise Granger causality test and a VEC Granger causality test, to examine the causal relationships between house prices and the four selected macroeconomic variables. The last section provides a concluding discussion.
DATA DESCRIPTION
The data series of house price index, population, mortgage rate, weekly earning, and unemployment rate are five time series data. Because the mortgage rates are different between the various lenders, we selected data on the mortgage rate from the Reserve Bank of Australia. The house price index was used to measure the house price in this study. Figure 1 shows graphs which illustrate the house price index, mortgage rate, population, unemployment rate and weekly earnings from the September quarter 1989 to the June quarter 2005 in Victoria. There are two noteworthy stages in the house price index movement: a steady fluctuation from 1989 to 1996 and a sharp increase with about 12.8% annually from 1996 to 2004. In the same period, the mortgage rate showed a decreasing trend from 17% to 7% for the period 1989 and 1996, and has remained steady at about 7% until 2005. The unemployment rate increased sharply from 4.2% in 1989 to its peak at Figure 1 identifies several issues. Firstly, house prices did not increase as expected from 1989 to 1996 when the mortgage rate decreased sharply in the same period. On the other hand, when the mortgage rate kept steady after 1996, house prices increased. Secondly, house prices did not put pressure on personal incomes as noted above. Lastly, the house price boom seems not to have deterred an increase in population. In response to these issues, five related variables were analysed in three observation periods: from the September quarter 1989 to the June quarter 1996, from the September quarter 1996 to the June quarter 2005 and from the September quarter 1989 to the June quarter 2005. Because of the time lag effect, the observed time interval for the first stage ends at the December quarter 1996, not the June quarter 1996. Similarly, the second stage starts at the March quarter 1996, not the September quarter 1996.
Several abbreviations are used in this the rest of this study, and HPI, MOR, POPU, UNEMP and INCOME stand for house price index, mortgage rate, population, unemployment rate and weekly earnings respectively.
TESTING FOR STATIONARITY AND OPTIMAL LAG ORDER
Unit root test for stationarity 
No trend
Note: ** and *** denote the rejection of the null hypothesis of unit root at 5% and 1% significance level respectively.
Selecting optimal lag length using vector autoregression model
One of the approaches in selecting optimal lag length is to re-estimate a vector autoregression (VAR) model, reducing lag length from a large lag term until zero. In each of these models, the smallest value of the Akaike information criterion and the Schwarz criterion point to the optimal lag length. The Akaike information criterion and the Schwarz criterion are introduced to make the choice (DeJong et al., 1992 , Grasa, 1989 , Gujarati, 2003 , Maddala and Kim, 1998 . Using VAR estimates, the optimal lag length can be determined by comparing the Akaike information criterion (AIC) and the Schwarz criterion (SC) (Grasa, 1989) . Moreover, the judgement of the optimal lag length should still take other factors into account: for example, autocorrelation, heteroskedasticity, possible ARCH effects and normality and normality of the residuals (Asteriou, 2006) . In addition, sequential modified likelihood ratio test statistics (LR), final prediction error (FPE), and Hannan-Quinn information criterion (HQ) are inspected in this study (Lutkepohl, 1993) . Similarly, the smallest value of these three criteria points to the optimal lag length. Table 2 shows the results of the VAR lag order selection criterion. The first left hand column shows the lag orders from 0 to 8. The LR, FPE, AIC, SC and HQ are the 5 criteria mentioned above. The numbers with asterisks are the smallest value in each of criteria. Before selecting the lag length, two situations should be identified. Firstly, too short a lag length in VAR may not capture the dynamic behaviour of the variables (Chen and Patel, 1998) , so the optimal lag length might be selected by the smallest lag shown under the criteria. Secondly, DeJong et al. (1992) point out that too long a lag length will distort the data and lead to a decrease in power. Therefore, the optimal lag lengths shown in Tables  2a, 2b , 2c and 2d are 2, 4, 5 and 1 respectively. 
COINTEGRATION TESTS
Cointegration means economic variables share the same stochastic trend so that they are combined together in the long run. Even if they deviate from each other in the short run; they tend to come back to the trend in the long run. A necessary condition for the cointegration test is that all the variables should be integrated at the same order or contain a deterministic trend (Engle and Granger, 1991 That is, all five variables are I(1). Therefore, these five time series in the two periods are valid in the cointegration test. In the same way, the weekly earnings series is I(0) and the others are I(1) during the September quarter 1989 and the December quarter 1996. Therefore, it is excluded from the cointegration test. Once the variables are cointegrated, the short run changes can be explained through the vector error correction model (Engle and Granger, 1987) . Following the cointegration test, the VECM was used to analyse the causality within the 5 variables and this is described in the following section.
The results in Table 3 are based on the Johansen cointegration test, reporting the hypothesized number of cointegration equations in the first left column, the eigenvalue, the likelihood ratio statistics and 5% critical value. The asterisks indicate the rejection of the hypothesis. The trace test in Table 3a indicates 2 cointegration equations at the 5% level. It demonstrates that the five variables are cointegrated and share the common trends from the September quarter 1989 to the June quarter 2005. Because the weekly earnings series in the period of the September quarter 1989 and the June quarter 1996 is I(0), it is excluded from the Johansen cointegration test in Table 3b respectively. Theoretically, the exclusion of weekly earnings series and unemployment series do not exclude the possibility of that the two variables have other relationships in each of their own sets.
The trace test in Table 3b indicates two cointegration equations at the 5% level. It suggests that house price, mortgage rate, unemployment rate and population have a long run equilibrium relationship during the September quarter 1989 and the December quarter 1996. The trace test in Table 3c indicates two cointegration equations at the 5% level. It suggests that house price, mortgage rate, weekly earnings and population (the unemployment rate series is excluded from this cointegration test) have a long run equilibrium relationship during the March quarter 1996 and the June quarter 2005. To sum up, the Johansen cointegration test results show the five variables are cointegrated in the three periods, except the income series is excluded from the test during the September quarter 1989 and the December quarter 1996. 
GRANGER CAUSALITY TESTS
The four variables are investigated to show whether they contain useful information for predicting house prices in this study. Once the stationarity is validated by a unit root test and the optimal lag lengths are selected respectively, these selected factors can be used in a pairwise Granger causality test. Two Granger causality tests are used in this research, including the conventional pairwise Granger causality test and VAR Granger causality/block exogeneity Wald test.
Pairwise Granger causality test
The pair-wise Granger causality test is formulated as, Note: ** and *** denote the rejection of the null hypothesis at 5% and 1% significance level respectively
The first left hand column indicates lag length. The p-values with asterisks mean rejection of the null hypothesis at 1% or 5% significance levels. Table 4a indicates that mortgage rate and population Granger cause house price, and house price Granger cause weekly earnings, unemployment rate and population during the September quarter 1989 and the June quarter 2005. To detect the changes in these relationships over time, the observation period is divided into two stages. The results are shown in the two following test in Table  4b and Table 4c . Table 4b indicates that only weekly earnings Granger cause house price and house price only Granger cause population during the September quarter 1989 and the December quarter 1996. Similar to Table 4a, Table 4c shows that mortgage rate and population Granger cause house price, and weekly earnings and unemployment rate during the March quarter 1996 and the June quarter 2005. The results in Table 4 support the findings that the house price influences the macroeconomic variables in some extents in the existing literature, such as Abelson et al (2005) . However, the relationships between house price and macroeconomic variables change in association with the observed period. Figure 2 is generated from Table 4 . It shows the individual direction of the Granger causality and optimal lag from the September quarter 1989 to the June quarter 2005. In Figure 2 , the arrows indicate the direction and the numbers indicate the lag length, and the bold numbers are the optimal lag length which has been selected from the results of Table  1 . 
VEC Granger causality/block exogeneity Wald test
A multivariate Block Exogeneity Wald test derived from the VEC model was used to examine the further causal relationships between house price and four variables in this research. Table 5 shows the lag order selection criteria using the VAR model. The criteria are estimated in the three observation periods. Because the weekly earnings series in the period of September quarter 1989 and June quarter 1996 is I(0), weekly earnings is excluded from Table 5b . Table 5a suggests that lag length eight is selected in this test, because the values of FPE, AIC and HQ are smallest at lag eight. This lag interval is acceptable, for 2 years (8 quarters) is suitable in this study. In the same way, Table 5b indicates that lag length two is the optimal lag length in the group of HPI, MOR, POPU and UNEMP during September quarter 1989 and December quarter 1996. indicates that lag length four is the optimal lag length in the group of HPI, MOR, POPU and INCOME during March quarter 1996 and June quarter 2005. Table 6 shows the VEC Granger causality/block exogeneity Wald test results. It estimates the χ square value of coefficient on the lagged endogenous variables. The causality is investigated in the three periods. The hypothesis in this test is that the lagged endogenous variables do not Granger cause the dependent variable. Table 6a indicates that mortgage rates, population, unemployment rates, and weekly earnings Granger cause house prices in the long run. The house prices do not Granger cause the unemployment rate, but Granger cause population, mortgage rate and weekly earnings. Table 6b indicates that mortgage rate, population and unemployment rate do not Granger cause house price, but the house price Granger cause unemployment rate. Table  6c indicates that weekly earnings, mortgage rate, unemployment rate and population Granger cause house price, but house price does not Granger cause them. Because the weekly earnings series in the period of September quarter 1989 and June quarter 1996 is I(0), the weekly earnings series is excluded from Table 6b . However, it does not imply that there is no relationship between house prices and income. The stability of relationships between house prices and economic variables over time and space has not received much attention in prior literature (Case et al. 2003) . This research indicates that the relationships between house prices and economic variables are unstable over time.
Figure 3 is generated from To avoid a spurious conclusion, the result of Figure 3 which derives from the vector error correction model was suggested for adoption in this research. The reason has been discussed. Figure 3 indicates that weekly earnings, mortgage rate and unemployment rate Granger cause house price, while population does not Granger cause house price from the September quarter 1989 to the June quarter 2005. House price Granger causes mortgage rate and unemployment rate, while house price does not Granger cause weekly earnings and population in this period.
Based on the conventional pairwise Granger causality result in Table 4b , it shows that weekly earnings Granger causes house price during the September quarter 1989 to the June quarter 1996. However, the weekly earnings series is found to be I(0) in this period and the other 4 variables are I(1). In this case, weekly earnings should be excluded from the cointegration test. The VEC Granger causality tests are shown in Table 3b and Table  6b . Thus, the conclusion that personal income Granger cause house price from the September quarter 1989 to the December quarter 1996 could be invalid in this research. Based on the VEC Granger causality test results and the cointegration test results in the three periods, it is noticeable that Granger causality does not always happen even though the long run equilibrium occurs in the five variables. There is no effect in the first stage, but emerges in the period of 1996 and 2005. There are two remarkable events in the period of 1989 and 1996: a high mortgage rate at 17% in 1989 to 10.5% in 1996 and high unemployment rates, for example, from 10.2% in the June quarter 1992 to 12.2% in the March quarter 1994. They deter house prices increasing in this period. It is probably one of the reasons that there is no Granger causation in this period. However, when the mortgage rate dropped to a reasonable level in the period of 1996 and 2005, and the unemployment rate started to decrease from 1995, the power which has accumulated by the increasing weekly earnings and population in the first stage, would be one of the dynamic pushes for house prices to move up in the period of 1996 and 2005.
The causal relationships between macroeconomic variables and house prices are detected to be unstable in the three observation periods by the conventional Granger causality test and the VEC Granger causality/ block exogeneity Wald test. The instability of these relationships would cause difficulty in predicting house prices in the market, especially for policy makers and market participants.
CONCLUSIONS
Using the cointegration test, the vector error correction model and the Granger causality test, this research investigates the causal relationships between house prices, mortgage rates, population, weekly earnings, and unemployment rates in the three observation periods. The cointegration test results suggest that there is a long run equilibrium among house prices, mortgage rates, population, unemployment rates and weekly earnings during the three periods Although a long run equilibrium occurs in house price and four macroeconomic variables during the three periods, the causality is not always captured as expected in these periods. These causal relationships are determined to be unstable, both in the conventional pairwise Granger causality test and the VEC Granger causality test, such as mortgage rate and population. Therefore, monetary policy and demographic policy sometimes fails to affect house prices. This should be significant for policy makers and house owners. 
